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Abstract 
The glazed façade of a building is the part that produces the greatest energy losses and gains. The need to reduce energy 
consumption and CO2 emissions was one of the reasons that gave rise to dynamic windows. 
The ideal window would be one with optical properties that could readily adapt in response to changing climatic conditions or 
occupant preferences. The emerging concept of “dynamic window” is more as a multifunctional envelope that produces and 
manages energy rather than simply a static piece of coated glass. These facade systems include switchable windows and shading 
systems such as motorized shades, switchable electrochromic or gas chromic window coatings, Suspended Particle Device (SPD) 
Windows and double-envelope window-wall systems that have variable optical and thermal properties that can be changed in 
response to climate and building system requirements. Water flow glazing is a different concept of “dynamic window”. Water flow
glazing provides control over the thermal load striking the surface, without compromising on transparency. The circulating water
through the chamber both absorbs infrared radiation and reduces the temperature of the interior glass pane. Alongside, it provides 
thermal inertia to the window and a great potential to absorb and transport energy. 
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The aim of this paper is to study the behavior of water flow glazing in regards to the solar heat gain coefficient. Heat absorption
can be controlled in water flow glazing to adapt the envelope to different climate conditions and façade orientations. To this end, 
real data have been obtained from a prototype throughout a year. The prototype combined water flow glazing in the roof, south, 
west and east façades with shallow geothermal heat exchangers without any need for additional energy source. Not only has the 
energy consumption for heating and cooling been analyzed but also the contribution in the production of hot water in the building. 
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The results of this study show that the solution of double glazing with a circulating water chamber is a less polluting and more
efficient option than the systems currently used. 
1. Introduction 
The glass and window properties are selected with respect to several, often contradictory, considerations. Generally, 
a window is supposed to let in as much daylight as possible, give comfortable luminance conditions, transmit a 
minimum of heat from the interior to the exterior in order to reduce the heating demand, transmit solar radiation from 
the exterior to the interior in order to reduce the heating demand (in winter), shut off solar radiation which otherwise 
might cause too much heating with subsequent cooling load (in summer) and prevent unacceptable interior or exterior 
water condensation. Various solutions are available to control the solar heat gains or losses through windows. Coated 
windows have the ability to block the heat transmission while allowing visible light to pass through [1]. The state of 
the art of smart window technology have been studied [2]. Some authors show results of simulating an innovative 
design known as water-flow window [3]. The water flow window system consists of a controlled flow of water at the 
cavity between the double glass. Water absorbs infrared radiation of sun and prevents heat from entering the building. 
The room heat gain can be reduced considerably and, at the same time, the window can serve as a water pre-heating 
device because flowing water can transport and transfer heat to buffer tanks. Thermal behavior of water flow glazing 
has been studied [4]. 
The aim of this paper is to analyze the thermal performance of water-flow windows combined with shallow 
geothermal heat exchangers. The underground in the first 100 meters is well suited for supply and storage of thermal 
energy. The temperature change over the seasons is reduced to a steady temperature at 10-20 m depth, and with further 
depth temperatures are increasing according to the geothermal gradient (average 3 °C for each 100 m of depth). Over 
last decade some authors tested the shallow geothermal heat exchangers closed system for extraction of heat from the 
ground or injection of heat into the ground [5, 6]. Heat exchangers are located in the underground (either in a 
horizontal, vertical), and a heat carrier medium is circulated within the heat exchangers, transporting heat from the 
ground to the heating or cooling system. Because the temperature below a certain depth remains constant over the 
year, and because of the need to install sufficient heat exchange capacity under a confined surface area, vertical ground 
heat exchangers (borehole heat exchangers) are widely favored. In a standard borehole heat exchanger, plastic pipes 
(polyethylene or polypropylene) are installed in boreholes, and the remaining room in the hole is filled with bentonite. 
When wet, bentonite´s volume increases by about 13 times compared to its volume when dry. This quality allows it to 
tightly fill small and irregular spaces between the casing and the hole wall, so that it improves the thermal conductivity. 
A popular parameter to calculate the required length of borehole heat exchangers is the specific heat extraction, 
expressed in Watt per meter borehole length. Typical values range between 40-70 W/m, dependent upon geology 
(thermal conductivity) [7, 8]. It has been proved that by installing appropriate ground heat exchangers (closed loop) 
or wells (open loop), the underground is used as a seasonal storage of thermal energy, and it is possible to extract heat 
in winter and cold over the summer [9]. In this paper, the thermal characteristics of the combination between closed 
loop ground heat exchangers and water flow glazing are systematically investigated throughout a year with a wide 
range of external thermal conditions, ranging from severe winter to hot summer. 
1. Description of the experimental model. 
The tests were carried out near the village of Peralveche, Spain, located at 40º61’ latitude N, -2º45 longitude W and 
at an altitude of 1 109 meters above sea level. The glass boxes could be oriented to the south, with a 100% obstacle-
free open sky. Fig. 1 shows the device that was tested. It consisted of two cubic glass boxes size of 2000 mm. Both 
boxes were comprised of three façades and the roof made of glass. Water flow glazing was installed in the first box 
whereas the second one is made of double glazing with air chamber. North side is opaque composed of a 5 cm of 
extruded polystyrene thermal insulation and a 2 mm thick aluminum layer. In order to compare the simulation results 
of the monthly room/water heat gains of the two boxes, the same glazing configuration has been used. It was double 
glazing laminated glass 10+3/16/3+10 mm with Vanceva® smoke grey PVB interlayers. There were 6 vertical glass 
panels and 2 horizontal ones. The dimensions of all glass panels were 1900 x 900 mm. 
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Fig.1. Description of the boxes tested in Peralveche, Spain. 
The system for distributing water to the water flow glazing is an inverse return system to take advantage of the 
hydraulic balance. It is supplied by pipes in a closed circuit that are integrated into the frame supporting the glazing 
with the aid of the circulation pumps. This closed circuit could be expanded with two plate heat exchangers, one for 
vertical panels and other one for horizontal panels, to transfer the excess of energy captured by the solar collectors to 
four shallow geothermal heat exchangers, 50-meter length each. Fig. 2 shows the designed layout. 
Fig.2. Description of the designed layout. 1. Plate heat exchanger; 2. Water pump; 3. Water flow glazing; 4. Ground shallow heat expanders. 
Climatic data was collected from exterior sensors placed outside next to the boxes. Solar radiation incident on the 
roof was recorded using a pyranometer that has a spectral response from 280 to 2800 nm, a linear response up to 3000 
W/m2 and an absolute error of 3%. Several thermocouples (error ±0.5ºC) were used to record the exterior air 
temperature. Thermocouples were also used to record the temperatures of all the interior surfaces. 
2. Experimental results 
2.1. Winter performance 
The gathered data were for the winter period between December 2009 and January 2010. Each of the following 
graphs presents the measured variation of weather parameters (outside temperature and solar radiation), room air 
temperature, (water-flow glazing box and traditional double glazing box), for each studied case respectively over clear 
and cloudy representative days in winter. The difference of temperature between supply and return water is affected 
by the water-flow rate between the glass panes. A fixed water-flow rate was set over the months, in both horizontal 
and vertical windows, to compare heat gains. Fig 3 shows the air room temperature in both boxes, along with the solar 
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radiation measured in a horizontal surface. On clear days’ solar radiation reaches 400w/m2. During cloudy days’ solar 
radiation is slightly above 150 w/m2. Supply temperature of water flow glazing is higher than return temperature except 
in hours in which solar radiation is above 300w/m2.
Fig. 3. Temperatures and Solar Radiation over two days in Winter. TretHor is the return temperature of water in water flow glazing; TimpHor is 
the inlet temperature in water flow glazing; TintWF is the room air temperature in water flow glazing box; Text is outside temperature; TintDG is 
the room air temperature in double glazing box. 
Double glazing room air temperature shows a wide range and without solar radiation it is close to the outside 
temperature. Water flow glazing room air temperature keeps close to the return water temperature. By means of water 
flow glazing and geothermal heat exchangers transparent glass is provided with thermal inertia. 
Fig 4. Temperatures and Solar Radiation over two days in summer. TretHor is the returned temperature of water in water flow glazing;
TimpHor is the inlet temperature in water flow glazing; TintWF is the room air temperature in water flow glazing box; Text is outside 
temperature; TintDG is the room air temperature in double glazing box. 
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2.2. Summer performance. 
Fig. 4 shows the variations of the glass pane temperatures over two consecutive hot summer days in July 2009. For 
better illustration of the thermal characteristics, these graphs show the results of 48-hour continuous operation. It can 
be observed from these two graphs that the room air temperature of the prototype with water flow glazing is always 
between the return temperature of the windows and the external temperature. The difference between the temperature 
of water in the windows and the room air is less than 5ºC in these summer days. On the other hand, the temperature of 
the water flow glazing prototype is considerably lower than temperature of the traditional double glazing prototype. 
Room air temperature in water flow glazing box keeps below 33ºC, whereas room air temperature in double glazing 
box surpasses 50ºC. 
3. Conclusions 
A comparison of the thermal performance of water-flow glazing with the conventional single pane and double pane 
designs has been discussed. The comparison was based on two identical prototypes placed in the village of Peralveche 
in Spain. The results over one year show that the absorbed solar heat at the window glasses in summer can be 
effectively removed by shallow geothermal heat exchangers. A portion of the heat absorbed by the water stream can 
be from the indoor space through thermal convection and radiation. The room air temperature of the water flow glazing 
box in winter is close to the ground temperature, whereas in the double glazing prototype the room air temperature is 
close to the outside temperature. In addition to their evident potential benefits and savings in solar energy control, the 
water flow glazing may also be employed for injection of heat into the ground in summer, through shallow geothermal 
heat exchangers. 
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